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Rosemary  Kozar,  MD,  and  the  Trauma  Outcomes  Group 


Background:  The  effect  of  blood  component  ratios  on  the  survival  of 
patients  with  traumatic  brain  injury  (TBI)  has  not  been  studied. 

Methods:  A  database  of  patients  transfused  in  the  first  24  hours  after  admission 
for  injury  from  22  Level  I  trauma  centers  over  an  1 8-month  period  was  queried 
to  find  patients  who  (1)  met  different  definitions  of  massive  transfusion  (5  units 
red  blood  cell  [RBC]  in  6  hours  vs.  10  units  RBC  in  24  hours),  (2)  received  high 
or  low  ratios  of  platelets  or  plasma  to  RBC  units  (<  1 :2  vs.  ^  1 :2),  and  (3)  had 
severe  TBI  (head  abbreviated  injury  score  >3)  (TBI+). 

Results:  Of  2,312  total  patients,  850  patients  were  transfused  with  >5  RBC 
units  in  6  hours  and  807  could  be  classified  into  TBI+  (n  =  281)  or  TBI— 
(n  =  526).  Six  hundred  forty-three  patients  were  transfused  with  >10  RBC 
units  in  24  hours  with  622  classified  into  TBI+  (n  =  220)  and  TBI—  (n  = 
402).  For  both  high-risk  populations,  a  high  ratio  of  platelets:RBCs  (not 
plasma)  was  independently  associated  with  improved  30-day  survival  for 
patients  with  TBI+  and  a  high  ratio  of  plasma:RBCs  (not  platelets)  was 
independently  associated  with  improved  30-day  survival  in  TBI—  patients. 
Conclusions:  High  platelet  ratio  was  associated  with  improved  survival  in 
TBI+  patients  while  a  high  plasma  ratio  was  associated  with  improved 
survival  in  TBI—  patients.  Prospective  studies  of  blood  product  ratios  should 
include  TBI  in  the  analysis  for  determination  of  optimal  use  of  ratios  on 
outcome  in  injured  patients. 
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A  component  of  damage  control  resuscitation  is  hemostatic 
esuscitation  which  is  the  early  use  of  red  blood  cells 
(RBCs),  plasma,  and  platelets  in  a  1:1:1  unit  ratio  for  patients 
with  life-threatening  bleeding  secondary  to  trauma.1-5  A 
potential  benefit  of  hemostatic  resuscitation  is  that  increased 
early  use  of  plasma  and  platelets  will  decrease  death  from 
hemorrhage  by  rapidly  correcting  the  coagulopathy  of  trauma.1-5 
There  may  also  be  other  potential  benefits  of  hemostatic  resus¬ 
citation  on  endothelial  repair  to  include  the  blood  brain  barrier 
(BBB).  A  recent  review  of  blood  product  ratio  studies  indicates 
that  a  high  (>  1 :2)  fresh  frozen  plasma  (FFP):RBC  ratio  and  high 
platelets  (PLT):RBC  ratio  are  associated  with  improved  30-day 
survival  for  patients  receiving  a  massive  transfusion.2 

Although  there  are  data  to  support  the  hypothesis  that 
hemostatic  resuscitation  is  associated  with  decreased  death 
from  hemorrhage  in  severely  injured  populations,6-13  the 
effect  of  severe  traumatic  brain  injury  (TBI)  in  patients  with 
multiple  injures  has  not  been  studied.  Severe  trauma  patients 
with  and  without  severe  TBI  have  been  noted  to  have  similar 
incidence  of  early  coagulopathy  (22-32%)  on  admission, 
which  has  also  been  associated  with  increased  risk  of  death  in 
both  populations.14-17  However,  there  are  differences  be¬ 
tween  patients  with  and  without  severe  TBI  that  might  lead  to 
dissimilar  results  for  studies  evaluating  outcomes  related  to 
the  use  of  hemostatic  resuscitation.  Early  coagulopathy  for 
patients  with  severe  TBI  has  been  noted  to  resolve  more 
quickly  than  coagulopathy  in  patients  without  severe  TBI.17 
As  expected,  patients  with  severe  TBI  die  predominantly 
secondary  to  brain  injury  and  patients  without  severe  TBI  die 
predominantly  from  hemorrhage.18-20  The  importance  of 
controlling  intracranial  bleeding  on  survival  in  patients  with 
severe  TBI  may  also  differentiate  this  patient  group  compared 
with  other  severe  trauma  patients.  As  severe  TBI  can  be  fatal, 
due  to  primary  neuronal  injury  from  edema  and  cytotoxic 
injury  or  due  to  uncontrolled  bleeding  or  both,  it  is  unknown 
whether  increased  early  transfusion  of  plasma  and  platelets 
will  decrease  death  in  this  population.  As  a  result  of  these 
differences  between  patients  with  and  without  severe  TBI,  it 
is  plausible  that  increased  ratios  of  plasma  or  platelets  to 
RBCs  may  have  differential  effects  on  outcomes  for  a  pop¬ 
ulation  at  high  risk  of  mortality. 
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Major  criticisms  of  previously  published  retrospective 
studies  that  have  evaluated  the  association  of  transfusion 
ratios  on  outcomes  in  trauma  patients  include  questions  of 
survival  bias  and  the  implications  of  definitions  of  massive 
transfusion.2'21  Survival  bias  is  present  when  patients  arrive, 
get  several  units  of  red  blood  cells  (RBCs),  die  before  the 
plasma  gets  thawed,  and  get  counted  as  low  ratio  patients. 
Most  recent  publications  have  defined  massive  transfusion  as 
>10  units  of  RBCs  in  the  first  24  hours  after  admission.2 
However,  mortality  has  been  documented  to  increase  signif¬ 
icantly  after  5  units  have  been  transfused  in  the  first  day  of 
admission,22'23  and  the  majority  of  hemorrhagic  deaths  and 
blood  resuscitation  occur  in  the  first  6  hours  after  admis¬ 
sion. 20'24-26  As  a  result,  alternative  groups  of  patients  at  risk 
of  hemorrhagic  shock  have  been  analyzed  to  include  those 
transfused  8  units  to  10  units  of  RBC  within  3  hours  to  12 
hours  from  admission. n'27-29  In  this  large  retrospective  reg¬ 
istry  study,  our  primary  objective  was  to  determine  whether 
high  ratios  of  either  platelets  or  plasma  were  independently 
associated  with  improved  30-day  survival  for  patients  with 
and  without  severe  TBI  at  high  risk  of  mortality. 

METHODS 

Data  for  this  study  are  from  a  retrospective  multicenter 
Institutional  Review  Board-approved  trial  of  transfused 
trauma  patients  who  were  transported  from  the  scene  of  an 
event  to  1  of  22  Level  1  trauma  centers  over  an  18-month 
period  (July  1,  2005,  to  December  15,  2006).  Data  integrity 
for  this  data  set  was  verified  by  one  research  coordinator  at 
the  US  Army  Institute  of  Surgical  Research,  San  Antonio, 
TX.  Two  separate  inclusion  criteria  were  used  to  define 
patient  populations  at  high  risk  of  death.  The  first  was 
patients  transfused  >5  units  of  RBCs  in  the  first  6  hours.  The 
second  was  patients  transfused  s  10  units  of  RBCs  in  the  first 
24  hours.  Patients  who  died  within  the  first  hour  of  admission 
were  excluded  in  the  primary  analysis.  Severe  TBI  (TBI  +  ) 
was  defined  as  head  abbreviated  injury  scale  (AIS)  score  &3 
and  TBI—  for  patients  with  head  AIS  score  <3.  A  high  ratio 
was  defined  as  sl:2.  Apheresis  platelet  units  were  converted 
to  pooled  platelets  for  calculations  of  ratios  (1  apheresis 
platelet  unit  =  6  pooled  platelet  units).  Platelet  (PLT:RBC) 
and  plasma  (FFP:RBC)  ratios  were  calculated  at  6  hours  and 
24  hours  from  admission.  Thirty-day  mortality  was  the  pri¬ 
mary  outcome.  Comparisons  of  all  variables  collected  were 
made  between  high  and  low  ratio  groups  for  both  platelets 
and  plasma.  This  was  performed  for  both  TBI+  and  TBI— 
groups.  Cause  of  death  was  categorized  as  multiple  organ 
failure  (MOF),  truncal  hemorrhage,  head  injury,  airway  prob¬ 
lems,  or  others  and  validated  by  the  senior  investigator  at 
each  site.  Parametric  data  are  described  as  mean  (±  standard 
deviation)  and  nonparametric  data  as  median  (interquartile 
range).  The  univariate  association  of  each  variable  with 
30-day  mortality  was  modeled  with  Cox  regression  and 
determined  by  the  corresponding  hazard  ratios. 

Propensity  scores  were  created  for  having  received  high 
or  low  ratio  for  both  platelets  and  plasma  using  logistic 
regression  models.  Each  model  predicted  the  probability  of 
having  received  a  high  or  low  ratio  of  platelets  or  plasma  with 
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adjustment  for  significant  admission  variables  and  the  amount 
of  cryoprecipitate  given  in  the  same  amount  of  time  as  the 
defined  massive  transfusion  group.  Admission  variables  were 
chosen  from  univariate  tests  for  a  significant  association  (p  < 
0.1)  with  ratio  group  within  each  of  the  massively  transfused 
cohorts.  When  admission  international  normalized  ratio 
(INR)  and  pH  were  both  significant,  only  INR  was  used  due 
to  high  correlation  between  these  two  variables  (data  not 
shown).  Admission  temperature  was  excluded  from  the  pro¬ 
pensity  score  but  included  as  a  candidate  covariate  in  the 
adjusted  proportional  hazards  models.  The  logistic  regression 
models  were  performed  using  backward  selection  with  selec¬ 
tion  criteria  of  p  <  0.05.  All  variables  were  tested  for 
association  with  ratio  group  based  on  parametric  tests  for 
normally  distributed  data  and  nonparametric  tests  for  skewed 
data.  Normality  assumptions  were  tested  using  Shapiro-Wilks 
test  and  visual  examination  of  histograms.  Unadjusted  Ka- 
plan-Meier  curves  were  also  constructed  to  compare  survival 
for  patient  study  groups  with  the  log-rank  test  used  to  deter¬ 
mine  significance  (p  <  0.05).  The  final  Cox  regression 
models  were  performed  on  30-day  mortality  on  each  massive 
transfusion  group  and  separately  for  TBI+  and  TBI—  pa¬ 
tients.  Each  model  included  the  propensity  scores  for  both 
platelet  ratio  and  plasma  ratio  from  the  above-described 
logistic  models  and  any  significant  variables  (p  <  0.1)  from 
univariate  Cox  regression  models  on  the  same  outcome.  If  a 
variable  was  significant  in  the  univariate  Cox  Regression  but 
was  previously  used  for  adjustment  in  the  propensity  model, 
it  was  not  included  in  the  multivariate  Cox  model.  In  the  final 
multivariate  Cox  models,  backward  selection  was  used  on  all 
significant  variables  with  selection  criteria  of  p  <  0.05;  the 
propensity  scores  were  always  retained.  Ah  statistical  testing 
was  two-sided  with  a  significance  level  of  5%  and  was 
performed  with  SAS  version  9.2  for  Windows  (SAS  Institute, 
Cary,  NC).  All  graphical  presentations  were  created  using  R 
version  2.9.0. 

RESULTS 

Of  2,312  patients  receiving  at  least  one  transfusion  in 
the  Emergency  Department  (Fig.  1)  who  did  not  die  within 
the  first  60  minutes,  there  were  850  patients  who  were 
transfused  >5  units  of  RBCs  in  the  first  6  hours  (>5  RBC  in 
6  hours)  and  643  patients  transfused  slO  units  of  RBCs  in 
the  first  24  hours  (>10  RBC  in  24  hours).  For  the  850 
patients  in  the  >5  RBC  in  6-hour  group,  there  were  281 


Figure  1.  Distribution  of  patients  in  each  cohort  of  patients 
studied. 
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TABLE  1.  Demographics  on  Admission  for  TBI+  Patients  Receiving  High  and  Low  Platelet  (PLT:RBC)  Ratios* 

>5  Units  RBC/6  h  >10  Units  RBC/24  h 


Variables 

N 

High 

Low 

P 

N 

High 

Low 

P 

Age  (yr) 

281 

40  (26-54) 

37  (23-55) 

0.53 

220 

38  (25-52) 

38 (25-58) 

0.48 

Male,  n  (%) 

281 

66  (73.3) 

121  (63.4) 

0.1 

220 

74  (71.2) 

69  (59.5) 

0.07 

Blunt,  n  (%) 

281 

84  (93.3) 

163  (85.3) 

0.06 

220 

94  (90.4) 

100  (86.2) 

0.34 

Adm  SBP  (mm  Hg) 

267 

104  ±  34 

106  ±  36 

0.74 

208 

102  ±  33 

102  ±  33 

0.86 

Adm  HR  (bpm) 

268 

110  ±  30 

111  ±30 

0.79 

205 

113  ±  29 

114  ±  31 

0.72 

Adm  BD 

228 

— 12  ±  6 

-10  ±  7 

0.13 

173 

-11  ±  7 

-11  ±  7 

0.74 

Adm  INR 

228 

1.5  (1. 2-2.0) 

1.4  (1.2— 1.7) 

0.12 

177 

1.4  (1.2-1. 9) 

1.4  (1.2-1. 8) 

0.84 

Adm  temperature  (°C) 

254 

36  (36-37) 

36  (35-37) 

0.27 

201 

36  (36-37) 

36  (35-37) 

0.26 

Adm  platelet  (cells/mm3) 

183 

188  (138-224) 

215  (151-268) 

0.005 

145 

197 (133-240) 

219 (144-276) 

0.03 

Adm  fibrinogen 

256 

143  (112-193) 

158  (107-218) 

0.59 

203 

148  (126-219) 

135 (80-190) 

0.06 

Adm  GCS 

88 

3 (3-12) 

3 (3-10) 

0.39 

70 

3  (3-11) 

3  (3-10) 

0.88 

ISS 

268 

40  ±  13 

40  ±  13 

0.94 

208 

41  ±  12 

42  ±  14 

0.52 

FFP  (units)1' 

281 

8 (4-12) 

5  (2-8) 

<0.001 

220 

11  (6-16) 

8 (5-13) 

0.01 

PLT  (units)1 

281 

10(6-18) 

0 (0-1) 

<0.001 

220 

14.5  (12-22.5) 

2 (0-5) 

<0.001 

RBC  (units)1 

281 

12  (9-20) 

9 (6-14) 

<0.001 

220 

16.5  (12-23) 

15  (12-23.5) 

0.69 

FFP:RBC  ratio 

281 

0.57  (0.4-0.75) 

0.53  (0.19-0.8) 

0.05 

220 

0.58  (0.42-0.9) 

0.55  (0.31-0.71) 

0.02 

PLT:RBC  ratio 

281 

0.78  (0.6-1. 2) 

0.02  (0.01-0.1) 

<0.001 

220 

0.86  (0.67-1.09) 

0.11  (0.01-0.26) 

<0.001 

Cryoprecipitate  (units)^ 

281 

0  (0-10) 

0 (0-0) 

<0.001 

220 

3  (0-18) 

0 (0-10) 

0.009 

Crystalloids  (L)1 

281 

7.7  (5-11.4) 

6.2  (4.5-10) 

0.19 

220 

11.8  (7.6-15.6) 

9.9  (6.6-15) 

0.06 

rFVIIa,  n  (%) 

268 

18  (20) 

14  (7.4) 

0.002 

215 

21  (21) 

10  (8.7) 

0.01 

Adm,  Admission;  bpm,  beats  per  minute;  GCS,  Glasgow  Coma  Score;  rFVIIa,  recombinant-activated  factor  VII;  SBP,  systolic  blood  pressure;  TBI+,  head  AIS  score  >3. 
*  6  h  ratios  for  5  units  RBC/6-h  group  and  24  h  ratios  for  10  units  RBC/24-h  group. 
t  Units  reported  are  6  h  totals  for  5  units  RBC/6-h  group  and  10  h  totals  for  10  units  RBC/24-h  group. 

All  statistics  reported  as  mean  ±  SD,  frequency  (%),  or  median  (IQR). 


TBI+  patients,  526  TBI— ,  and  43  patients  without  head  AIS 
scores  available.  For  the  643  patients  in  the  >  1 0  RBC  in 
24-hour  group,  there  were  220  TBI+,  402  TBI-,  and  21 
patients  without  head  AIS  scores  available.  Variables  for 
these  patient  groups  are  described  in  Tables  1-4.  For  the 
patients  in  the  >5  RBC  in  6  hours  and  the  >  1 0  RBC  in  24 
hours  groups  (TBI+  and  TBI—),  the  admission  variables  that 
were  used  to  create  a  propensity  score  from  a  multivariate 
logistic  regression  model  were  base  deficit  (BD),  heart  rate 
(HR),  and  units  of  cryoprecipitate  at  6  hours,  which  were 
significantly  associated  with  having  received  a  highdow 
platelet  or  plasma  ratio  (data  not  shown).  The  variables  that 
were  independently  associated  with  30-day  mortality  were 
age,  admission  BD  and  HR,  Glasgow  Coma  Scale,  Injury 
Severity  Score  (ISS),  PLT:RBC  (high  or  low),  and  FFP:RBC 
(high  or  low)  (Tables  5-8). 

Patients  Transfused  >5  Units  of  RBCs  in  First  6 
Hours 

TBI+ 

All  admission  variables  compared  between  patients 
transfused  a  high  and  low  ratio  of  PLT:RBC  were  similar 
except  the  admission  platelet  concentration  (median  [inter¬ 
quartile  range  {IQR}])  was  significantly  decreased,  188 
(138-224)  versus  215  (151-268),  respectively  (p  =  0.005), 
for  the  group  of  patients  transfused  with  an  increased  platelet 
ratio  (Table  1).  Patients  who  received  a  high  and  low  FFP: 
RBC  ratio  were  admitted  with  an  increased  BD,  mean  (±SD), 
—  10  (±7)  versus  —12  (±6),  respectively  (p  =  0.04),  and 
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a  decreased  admission  temperature,  35.8°C  (±1.5)  versus 
36.3°C  (±1.2),  respectively  (p  =  0.007)  (Table  2).  The  high 
and  low  platelet  ratio  groups  received  a  median  (IQR)  PLT: 
RBC  ratio  from  0  to  6  hours  from  admission  of  0.78  (0.60- 
1.20)  and  0.02  (0.01-0.1.00),  respectively  (p  <  0.001),  and 
the  high  and  low  plasma  ratio  groups  an  FFP:RBC  ratio  from 
0  to  6  hours  of  0.75  (0.62-1)  and  0.25  (0.02-0.36),  respec¬ 
tively  (p  <  0.001).  Unadjusted  30-day  survival  was  increased 
for  patients  transfused  with  a  high  ratio  of  PLT:RBC  {p  = 
0.01)  but  was  similar  for  patients  transfused  a  high  or  low 
ratio  of  FFP:RBC  (p  =  0.48;  Fig.  2).  Upon  propensity  score 
adjustment,  a  high  ratio  of  PLT:RBC  was  independently 
associated  with  increased  30-day  survival  with  a  hazard  ratio 
(95%  confidence  interval)  of  0.44  (0.27-0.70),  (p  <  0.001), 
whereas  the  FFP:RBC  ratio  was  not  associated  with  increased 
survival  (Table  5).  There  was  no  significant  association 
between  cause  of  death  and  platelet  ratio  group  (Table  9). 

TBI— 

All  admission  variables  compared  between  patients 
transfused  a  high  or  low  ratio  of  PLT:RBC  were  similar 
except  the  admission  BD  was  higher  and  platelet  concentra¬ 
tion  was  lower  for  patients  transfused  an  increased  platelet 
ratio  (Table  3).  In  addition,  patients  transfused  a  high  PLT: 
RBC  ratio  were  transfused  an  increased  FFP:RBC  ratio  (Ta¬ 
ble  3).  Patients  who  received  a  high  FFP:RBC  ratio  were 
admitted  with  an  increased  admission  HR  and  INR  and  were 
younger  than  those  who  received  a  low  ratio  (Table  4).  In 
addition,  patients  transfused  a  high  FFP:RBC  ratio  were 
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TABLE  2.  Demographics  on  Admission  for  TBI+  Patients  Receiving  High  and  Low  Plasma  (FFP:RBC)  Ratios* 

>5  Units  RBC/6  h  >10  Units  RBC/24  h 


Variables 

N 

High 

Low 

P 

N 

High 

Low 

P 

Age  (yr) 

281 

38  (25-54) 

36.5  (25-57) 

0.81 

220 

38  (25-55) 

38  (26-58) 

0.69 

Male,  n  (%) 

281 

103  (65.6) 

84  (67.7) 

0.71 

220 

88  (64.7) 

55  (65.5) 

0.91 

Blunt,  n  (%) 

281 

136  (86.6) 

111  (89.5) 

0.46 

220 

115  (84.6) 

79  (94) 

0.03 

Adm  SBP  (mm  Hg) 

267 

108  ±  35 

102  ±  37 

0.16 

208 

104  ±  33 

99  ±  32 

0.36 

Adm  HR  (bpm) 

268 

109  ±  32 

113  ±  28 

0.23 

205 

113  ±  32 

115  ±  26 

0.58 

Adm  BD 

228 

— 10  ±  7 

— 12  ±  6 

0.04 

173 

-10  ±  7 

-13  ±  6 

0.02 

Adm  INR 

228 

1.4  (1.2— 1.9) 

1.38  (1. 1-1.7) 

0.09 

177 

1.5  (1.2—1 .9) 

1.4  (1.1-1. 7) 

0.14 

Adm  temperature  (°C) 

254 

36  (35-36) 

36  (36-37) 

0.007 

201 

36  (35-37) 

36  (36-37) 

0.14 

Adm  platelet  (cells/mm3) 

183 

202 (146-256) 

210  (144-254) 

0.82 

145 

200  (135-253) 

218  (158-266) 

0.12 

Adm  fibrinogen 

256 

146  (105-202) 

150 (112-207) 

0.56 

203 

146(104-186) 

144  (112-276) 

0.42 

Adm  GCS 

88 

3  (3-9) 

3 (3-11) 

0.41 

70 

3  (3-10) 

3  (3-11) 

0.61 

ISS 

268 

41  ±  13 

40  ±  14 

0.91 

208 

40  ±  13 

44  ±  12 

0.04 

FFP  (units)1' 

281 

8 (5-12) 

2  (0-5.5) 

<0.00 

220 

12  (9-18) 

4.5  (3.5-8) 

<0.001 

PLT  (units)1 

281 

2  (0-6) 

0 (0-8) 

0.49 

220 

6(3-14.5) 

6 (0-15) 

0.13 

RBC  (units)1 

281 

10(7-13) 

10  (7-17.5) 

0.23 

220 

15  (12-21) 

17  (12-24) 

0.58 

FFP:RBC  ratio 

281 

0.75  (0.62-1) 

0.25  (0.02-0.36) 

<0.001 

220 

0.71  (0.59-0.92) 

0.31  (0.2-0.4) 

<0.001 

PLT:RBC  ratio 

281 

0.13  (0.02-0.6) 

0.02  (0.01-0.57) 

0.1 

220 

0.5  (0.16-0.86) 

0.34  (0.01-0.8) 

0.04 

Cryoprecipitate  (units) ^ 

281 

0 (0-10) 

0 (0-0) 

0.02 

220 

1  (0-10) 

0  (0-8) 

0.05 

Crystalloids  (L)1 

281 

6.4  (4.5,10) 

7.13  (4.8-11.25) 

0.23 

220 

10.9(7.5-15.1) 

10.2  (5.4-17.3) 

0.65 

rFVIIa,  n  (%) 

268 

16(10.3) 

16(12.9) 

0.49 

203 

15  (11.2) 

16(19.8) 

0.08 

Adm,  Admission;  bpm,  beats  per  minute;  GCS,  Glasgow  Coma  Score;  rFVIIa,  recombinant-activated  factor  VII;  SBP,  systolic  blood  pressure;  TBI+,  head  AIS  score  >3. 
*  6  h  ratios  for  5  units  RBC/6-h  group  and  24  h  ratios  for  10  units  RBC/24-h  group. 

+  Units  reported  are  6  h  totals  for  5  units  RBC/6-h  group  and  10  h  totals  for  10  units  RBC/24-h  group. 

All  statistics  reported  as  mean  ±  SD,  frequency  (%),  or  median  (IQR). 


transfused  an  increased  PLTiRBC  ratio  (Table  4).  The  high 
and  low  PLT  ratio  groups  received  a  median  (IQR)  PLT:RBC 
ratio  of  0.86  (0.64-1.11)  and  0.02  (0.01—0.1 1),  respectively 
( p  <  0.001)  and  the  high  and  low  FFP  ratio  groups  an 
FFP:RBC  ratio  of  0.7  (0.58-0.90)  and  0.25  (0.02-0.38), 
respectively  (p  <  0.001).  Unadjusted  30-day  survival  was 
increased  (p  =  0.002)  for  patients  transfused  an  increased 
FFP:RBC  ratio  and  was  similar  (p  =  0.4)  for  patients  trans¬ 
fused  a  high  or  low  ratio  of  PLT:RBC  (Fig.  2).  Upon 
propensity  score  adjustment,  a  high  ratio  of  FFPiRBC  was 
independently  associated  with  increased  30-day  survival  with 
a  hazard  ratio  (95%  confidence  interval)  of  0.63  (0.40-0.98) 
(p  =  0.04),  whereas  a  high  or  low  PLT:RBC  ratio  was  not 
associated  with  increased  survival  (Table  6).  In  this  patient 
group,  a  high  ratio  of  FFP:RBC  was  associated  with  a 
decreased  risk  of  death  from  hemorrhage  and  increased  risk 
of  death  from  MOF  (Table  10). 

Patients  Transfused  10  Units  of  RBC  in  24 
Hours 

TBI+ 

All  admission  variables  compared  between  patients 
transfused  a  high  or  low  ratio  of  PLT:RBC  were  similar 
except  the  admission  platelet  concentration  was  lower  for 
patients  transfused  an  increased  ratio  of  PLT  (Table  1). 
Patients  who  received  a  high  and  low  FFP:RBC  ratio  expe¬ 
rienced  a  decreased  risk  of  blunt  injury  (85%  vs.  94%, 
respectively,  p  =  0.03),  a  decreased  BD,  —10.1  (±7.4) 
versus  —12.6  (±6.1),  respectively/?  =  0.02,  and  a  lower  ISS, 
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40.3  (±13.5)  versus  44  (±12.5),  respectively/)  =  0.04  (Table 
2).  Patients  transfused  a  high  PLT  and  FFP  ratios  were  also 
transfused  increased  FFP  and  PLT  ratios,  respectively  (Ta¬ 
bles  1  and  2).  The  high  and  low  PLT  ratio  groups  received  a 
median  (IQR)  PLT:RBC  ratio  of  0.65  (0.47-0.86)  and  0.05 
(0.01-0.2),  respectively  (p  <  0.001)  and  the  high  and  low 
FFP  ratio  groups  an  FFP:RBC  ratio  of  0.67  (0.53-0.92)  and 
0.29  (0.11-0.38),  respectively  (p  <  0.001).  Unadjusted  30- 
day  survival  was  increased  for  patients  transfused  with 
increased  PLT:RBC  ratio  and  for  patients  transfused  an 
increased  FFP:RBC  ratio  (Fig.  3).  Upon  propensity  score 
adjustment,  high  PLT:RBC  ratio  was  independently  associated 
with  increased  30-day  survival  with  a  hazard  ratio  of  0.47 
(0.27-0.82),  (p  =  0.008),  whereas  the  high  FFP:RBC  ratio  was 
not  associated  with  increased  survival  (Table  7).  Cause  of  death 
was  not  associated  with  PLT:RBC  ratio  group  (Table  9). 

TBI— 

All  admission  variables  compared  between  patients 
transfused  a  high  or  low  ratio  of  PLT:RBC  were  similar 
except  patient  age,  BD,  and  ISS  (Table  3).  Differences 
between  patients  transfused  a  high  or  low  ratio  of  FFP:RBC 
included  patient  sex,  admission  HR,  INR,  and  Glasgow  Coma 
Scale  (Table  4).  The  high  and  low  PLT  ratio  groups  received 
a  median  (IQR)  PLT:RBC  ratio  of  0.65  (0.39-1.00)  and  0.04 
(0.01-0.20),  respectively  (p  <  0.001)  and  the  high  and  low 
FFP  ratio  groups  an  FFP: R B C  ratio  of  0.67  (0.50-0.86)  and 
0.29  (0.12-0.40),  respectively  (p  <  0.001).  Patients  trans¬ 
fused  a  high  PLT  and  FFP  ratios  were  also  transfused  in- 
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TABLE  3.  Demographics  on  Admission  for  TBI-  Patients  Receiving  High  and  Low  Platelet  (PLT:RBC)  Ratios* 

>5  Units  RBC/6  h  >10  Units  RBC/24  h 


Variables 

N 

High 

Low 

P 

N 

High 

Low 

P 

Age  (yr) 

526 

31  (23—46) 

36  (25-48) 

0.13 

402 

30  (23^16) 

36  (26-49) 

0.02 

Male,  n  (%) 

526 

116(79.5) 

306  (80.5) 

0.78 

402 

141  (79.2) 

177  (79) 

0.96 

Blunt,  n  (%) 

526 

70  (47.9) 

189  (49.7) 

0.71 

402 

92  (51.7) 

121  (54) 

0.64 

Adm  SBP  (mm  Hg) 

473 

102  ±  31 

106  ±  29 

0.2 

361 

103  ±  33 

103  ±  29 

1 

Adm  HR  (bpm) 

493 

115  ±29 

112  ±  27 

0.41 

372 

118  ±  28 

113  ±  27 

0.08 

Adm  BD 

418 

-12  ±  7 

—  11  ±  6 

0.05 

335 

— 12  ±  7 

—  1 1  ±  7 

0.04 

Adm  INR 

403 

1.3  (1.1-1.57) 

1.3  (1. 1-1.5) 

0.37 

325 

1.3  (1. 1-1.6) 

1.3  (1.2— 1.6) 

0.8 

Adm  temperature  (°C) 

433 

36  (36-37) 

36  (36-37) 

0.97 

334 

36  (36-37) 

36  (35-36) 

0.07 

Adm  platelet  (cells/mm3) 

264 

200(140-244) 

223  (152-281) 

0.01 

198 

199  (139-251) 

214  (138-268) 

0.47 

Adm  fibrinogen 

454 

141 (98-205) 

123  (80-178) 

0.23 

345 

134  (80-201) 

123  (89-168) 

0.44 

Adm  GCS 

159 

14(3-15) 

14(3-15) 

0.69 

131 

14  (5-15) 

14  (3-15) 

0.22 

ISS 

502 

26  ±  14 

26  ±  16 

0.73 

380 

26  ±  14 

30  ±  16 

0.008 

FFP  (units)1' 

526 

8 (4-13) 

4  (1-9) 

<0.001 

402 

10.5  (7-20) 

8  (4-14.5) 

<0.001 

PLT  (units)1 

526 

12 (10-20) 

0 (0-2) 

<0.001 

402 

17 (12-30) 

2 (0-6) 

<0.001 

RBC  (units)1 

526 

14  (10-23) 

10  (6-19) 

<0.001 

402 

18 (12-29) 

17  (12-28) 

0.48 

FFPiRBC  ratio 

526 

0.58  (0.45-0.83) 

0.44  (0.21-0.67) 

<0.001 

402 

0.59  (0.42-0.8) 

0.46  (0.27-0.67) 

<0.001 

PLTiRBC  ratio 

526 

0.86  (0.66-1.09) 

0.04  (0.01-0.32) 

<0.001 

402 

0.83  (0.64-1.07) 

0.1  (0.01-0.29) 

<0.001 

Cryoprecipitate  (units) * 

526 

2 (0-10) 

0 (0-0) 

<0.001 

402 

6.5  (0-16) 

0 (0-6) 

<0.001 

Crystalloids  (L)1 

526 

8.1  (5.5-12) 

7 (4-10) 

<0.001 

402 

12.6  (8.3-19.35) 

10  (6.29-16.15) 

<0.001 

rFVIIa,  n  (%) 

501 

30  (20.5) 

27  (7.1) 

<0.001 

378 

35  (19.8) 

23  (10.4) 

0.008 

Adm,  Admission;  bpm,  beats  per  minute;  GCS,  Glasgow  Coma  Score;  rFVIIa,  recombinant-activated  factor  VII;  SBP,  systolic  blood  pressure;  TBI+,  head  AIS  score  >3. 
*  6  h  ratios  for  5  units  RBC/6-h  group  and  24  h  ratios  for  10  units  RBC/24-h  group. 

+  Units  reported  are  6  h  totals  for  5  units  RBC/6-h  group  and  10  h  totals  for  10  units  RBC/24-h  group. 

All  statistics  reported  as  mean  ±  SD,  frequency  (%),  or  median  (IQR). 


creased  FFP  and  PLT  ratios,  respectively  (Tables  3  and  4). 
Unadjusted  30-day  survival  was  increased  for  patients  trans¬ 
fused  increased  FFPiRBC  ratio  and  was  similar  for  patients 
transfused  a  high  or  low  PLT:RBC  ratio  (Fig.  3).  Upon 
propensity  score  adjustment,  a  high  ratio  of  FFPiRBC  was 
independently  associated  with  increased  30-day  survival 
with  a  hazard  ratio  of  0.56  (0.36-0.86)  (p  =  0.008), 
whereas  an  association  between  a  high  PLT:RBC  ratio  and 
survival  approached  significance  with  a  hazard  ratio  of 
0.63  (0.39,  1.04)  (p  =  0.07).  In  this  patient  group,  a  high 
ratio  of  FFPiRBC  was  associated  with  decreased  risk  of 
death  from  hemorrhage  and  increased  risk  of  death  from 
MOF  (Table  10). 

Additional  Analyses 

To  determine  whether  survivorship  bias  was  affecting 
results,  data  were  reanalyzed  after  excluding  patients  who 
died  <90  minutes  and  <120  minutes  from  hospital  admis¬ 
sion,  with  the  same  variables  used  in  the  propensity  score.  In 
general,  the  relationships  were  consistent  with  those  already 
described  (Table  11). 

DISCUSSION 

This  is  the  first  study  to  individually  analyze  associa¬ 
tions  between  blood  product  ratios  and  mortality  for  TBI  + 
and  TBI—  patients.  Our  results  in  two  differently  defined 
cohorts  of  patients  at  high  risk  of  mortality  from  traumatic 
injuries  indicate  that  there  is  an  independent  association  of 
improved  survival  for  TBI+  patients  transfused  a  high  PLT: 
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RBC  ratio,  in  contrast  to  TBI—  patients  who  benefit  from  a 
high  plasma:RBC  ratio.  These  results  persisted  even  when  we 
excluded  patients  who  died  within  90  minutes  or  120  minutes 
from  admission  to  compensate  for  possible  survival  bias.  These 
results  also  strengthen  our  main  results  because  they  indicate 
that  even  when  patients  who  die  quickly  from  hemorrhage  were 
excluded  and  should  benefit  the  most  from  increased  PLT  and 
FFP  transfusion,  our  results  remained  consistent. 

Previous  studies  that  report  improved  survival  with  the 
transfusion  of  increased  platelet  and  plasma  ratios  for  patients 
at  high  risk  of  death  from  traumatic  injuries  have  not  differ¬ 
entiated  patients  according  to  severe  TBI  status. 7'8'n-13  Two 
of  these  studies  adjusted  their  results  for  other  variables 
associated  with  survival.8-13  As  the  risk  of  death  from  brain 
injury  and  hemorrhage  is  different  for  TBI+  and  TBI— 
patients,18  and  BBB  repair  is  required  for  TBI+  patients  and 
may  not  be  for  TBI-patients,  it  is  plausible  that  outcomes 
associated  with  increased  PLT  and  FFPiRBC  ratios  may 
affect  these  two  patient  groups  differently. 

The  retrospective  nature  of  our  report  does  not  allow  us 
to  examine  the  potential  mechanisms  that  support  our  find¬ 
ings.  One  theory  is  that  BBB  healing  requires  platelets  for 
adequate  repair.  A  recent  study  in  rodents  indicates  that  with 
BBB  injury,  platelets  and  not  plasma  activated  oligodendrite 
precursor  cells  (OPCs).30  The  role  of  OPCs  in  the  damaged 
central  nervous  system  is  to  differentiate  into  oligodendro¬ 
cytes  and  repair  regions  of  demyelination.30  The  association 
between  reactive  behavior  of  OPCs,  BBB  breakdown  and 
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TABLE  4.  Demographics  on  Admission  for  TBI-  Patients  Receiving  High  and  Low  Plasma  (FFP:RBC)  Ratios* 

>5  Units  RBC/6  h  >10  Units  RBC/24  h 


Variables 

N 

High 

Low 

P 

N 

High 

Low 

P 

Age  (yr) 

526 

31  (23^16) 

36  (25^t8) 

0.03 

402 

32  (23—49) 

36  (26 — 48) 

0.09 

Male,  n  (%) 

526 

192  (81.4) 

230  (79.3) 

0.56 

402 

188  (83.2) 

130  (73.9) 

0.02 

Blunt,  n  (%) 

526 

112  (47.5) 

147  (50.7) 

0.46 

402 

121  (53.5) 

92  (52.3) 

0.8 

Adm  SBP  (mm  Hg) 

473 

105  ±  30 

104  ±  29 

0.88 

361 

105  ±  32 

100  ±  29 

0.18 

Adm  HR  (bpm) 

493 

117  ±  28 

109  ±  26 

0.002 

372 

118  ±  28 

111  ±26 

0.03 

Adm  BD 

418 

—  11  ±  6 

—  11  ±  7 

0.71 

335 

—  1 1  ±  7 

-12  ±  7 

0.29 

Adm  INR 

403 

1.4  (1. 1-1.6) 

1.3  (1.1-1. 4) 

0.008 

325 

1.4  (1.2-1. 7) 

1.3  (1. 1-1.5) 

0.04 

Adm  temperature  (°C) 

433 

36 (36-37) 

36  (36-37) 

0.41 

334 

36  (35-37) 

36 (36-37) 

0.74 

Adm  platelet  (cells/mm3) 

264 

209  (149-272) 

221 (146-273) 

0.8 

198 

200 (136-267) 

208  (142-254) 

0.9 

Adm  fibrinogen 

454 

123  (91-198) 

138  (80-184) 

0.81 

345 

123 (81-185) 

135 (80-186) 

0.5 

Adm  GCS 

159 

14  (3-15) 

15  (8-15) 

0.08 

131 

14(3-15) 

14(6-15) 

0.09 

ISS 

502 

27  ±  14 

25  ±  16 

0.39 

380 

28  ±  14 

28  ±  16 

0.97 

FFP  (units)1’ 

526 

8.5  (6-16) 

2.5  (0-6) 

<0.001 

402 

14  (9-22) 

5  (3-8.5) 

<0.001 

PLT  (units)1 

526 

4 (0-12) 

0 (0-6) 

<0.001 

402 

10 (4-18) 

6 (0-12) 

<0.001 

RBC  (units)1 

526 

11  (7-20) 

10  (7-21) 

0.491 

402 

17(12-30) 

18.5  (12.5-28) 

0.84 

FFP:RBC  ratio 

526 

0.7  (0.58-0.9) 

0.25  (0.02-0.38) 

<0.001 

402 

0.7  (0.58-0.9) 

0.31  (0.19-0.4) 

<0.001 

PLT:RBC  ratio 

526 

0.29  (0.02-0.75) 

0.02  (0.01-0.38) 

<0.001 

402 

0.5  (0.17-0.86) 

0.2  (0.01-0.61) 

<0.001 

Cryoprecipitate  (units) ^ 

526 

0 (0-10) 

0  (0-0) 

<0.001 

402 

3 (0-12) 

0 (0-9) 

<0.001 

Crystalloids  (L)1 

526 

7.1  (4.18-10.4) 

7.24  (4.5-11) 

0.51 

402 

12(8-17.6) 

11  (6-18.36) 

0.14 

rFVIIa,  n  (%) 

501 

26  (11.1) 

31  (10.7) 

0.9 

378 

33  (14.7) 

25  (14.4) 

0.93 

Adm,  Admission;  bpm,  beats  per  minute;  GCS,  Glasgow  Coma  Score;  rFVIIa,  recombinant-activated  factor  VII;  SBP,  systolic  blood  pressure;  TBI+,  head  AIS  score  >3. 
*  6  h  ratios  for  5  units  RBC/6-h  group  and  24  h  ratios  for  10  units  RBC/24-h  group. 

+  Units  reported  are  6  h  totals  for  5  units  RBC/6-h  group  and  10  h  totals  for  10  units  RBC/24-h  group. 

All  statistics  reported  as  mean  ±  SD,  frequency  (%),  or  median  (IQR). 


TABLE  5.  Propensity  Score*-Adjusted  Multivariate  Cox 
Regression:  Variables  Associated  With  30-d  Mortality  for  the 
>5  Units  RBC/6-h  Croup  With  TBI  + 


Variables 

Hazard  Ratio 
(95%  Cl) 

p 

ISS 

1.03  (1.01-1.043) 

0.001 

GCS 

0.94  (0.894-0.988) 

0.02 

PLT:RBC  ratio  group  (high) 

0.44  (0.272-0.703) 

<0.001 

FFP:RBC  ratio  group  (high) 

0.96  (0.642-1.428) 

0.83 

GCS,  Glasgow  Coma  Score;  TBI+,  head  AIS  score  >3. 

*  Platelet  ratio  (high/low)  propensity  score  based  on  logistic  model  with  admission 

platelets. 

FFP  ratio  (high/low)  propensity 

based  on  a  logistic  model  with 

deficit  and 

cryoprecipitate. 

inflammation,  and  the  surveillance-like  functions  of  OPCs 
imply  a  crucial  mechanism  linking  OPCs  (in  a  possibly 
protective  role)  with  platelet-orchestrated  healing  and  the  in¬ 
flammatory  response  to  central  nervous  system  injury.30  In 
addition,  recent  laboratory  studies  have  suggested  that  plasma 
restores  the  endothelial  glycocalyx  injured  by  hemorrhagic 
shock.31  The  glycocalyx  is  a  network  of  soluble  plasma  compo¬ 
nents  that  projects  from  the  endothelial  cell  surface  and  main¬ 
tains  membrane  integrity.32  It  consists  of  proteoglycans  and 
glycoproteins  attached  to  the  cell  membrane,  forming  a  protective 
barrier  that  protects  against  pathologic  neutrophil-endothelial  cell 
interactions.  Although  restitution  of  the  glycocalyx  by  plasma 
may  restore  shock-induced  endothelial  dysfunction  in  the  lung,33 
its  role  in  the  brain  has  not  been  studied. 
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TABLE  6.  Propensity  Score*-Adjusted  Multivariate  Cox 
Regression:  Variables  Associated  With  30-d  Mortality  for  the 
>5  units  RBC/6-h  Group  With  TBI  — 


Variables 

Hazard  Ratio 
(95%  Cl) 

p 

Age 

1.03  (1.017-1.042) 

<0.001 

ISS 

1.04(1.024-1.05) 

<0.001 

Admission  BD 

0.94  (0.907-0.968) 

<0.001 

PLT:RBC  ratio  group  (high) 

0.71  (0.436-1.171) 

0.18 

FFP:RBC  ratio  group  (high) 

0.63  (0.403-0.983) 

0.04 

GCS,  Glasgow  Coma  Score;  TBI+,  head  AIS  score  >3. 

*  Platelet  Ratio  (Hi/Lo)  propensity  score  based  on  a  logistic  model  with  admission 

platelets. 

FFP  Ratio  (Hi/Lo)  propensity  based 

on  a  logistic  model  with 

Heart  rate  and 

Cryoprecipitate. 

Despite  increased  survival  for  TBI+  patients  transfused 
a  high  ratio  of  PLT:RBCs,  there  was  no  difference  in  the 
cause  of  death  for  these  patients  compared  with  those  trans¬ 
fused  a  low  PLT:RJBC  ratio.  This  may  have  been  limited  by 
the  broad  categories  of  cause  of  death  that  were  determined 
for  this  database  or  a  limited  number  of  patient  deaths  and 
inadequate  power  to  analyze  cause  of  death  appropriately. 
Increased  survival  for  TBI—  patients  transfused  a  high  ratio 
of  FFP:RBCs  was  noted  to  have  decreased  death  from  hem¬ 
orrhage  but  increased  death  secondary  to  MOF.  This  is 
consistent  with  previous  reports  that  do  not  differentiate 
patients  according  to  severe  TBI  status. 6_813-34  The  increased 
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TABLE  7.  Propensity  Score*-Adj listed  Multivariate  Cox 
Regression:  Variables  Associated  With  30-d  Mortality  for  the 


TBI+  and  >10  RBC/24-h  Group 

Hazard  Ratio 

Variables 

(95%  Cl) 

P 

ISS 

1.03  (1.013-1.05) 

<0.001 

GCS 

0.94  (0.885-0.995) 

0.03 

Heart  rate 

0.99  (0.984-0.998) 

0.02 

PLT:RBC  ratio  group  (high) 

0.47  (0.269-0.822) 

0.008 

FFP:RBC  ratio  group  (high) 

1.18  (0.729-1.906) 

0.5 

GCS,  Glasgow  Coma  Score;  TBI+,  head  AIS  score  >3. 

*  Platelet  ratio  (high/low)  propensity  score  based  on  a  logistic  model  with  mech¬ 
anism  of  injury  and  admission  platelets. 

FFP  ratio  (high/low)  propensity  based  on  a  logistic  model  with  deficit  and 
cryoprecipitate. 


TABLE  8.  Propensity  Score*-Adjusted  Multivariate  Cox 
Regression:  Variables  Associated  With  30-d  Mortality  for  the 


TBI-  and  >10  RBC/24-h  Group 

Hazard  Ratio 

Variables 

(95%  Cl) 

P 

Age 

1.02  (1.006-1.03) 

0.003 

ISS 

1.03  (1.018-1.043) 

<0.001 

PLT:RBC  ratio  group  (high) 

0.63  (0.39-1.035) 

0.07 

FFP:RBC  ratio  group  (high) 

0.56  (0.361-0.86) 

0.008 

GCS,  Glasgow  Coma  Score;  TBI+,  head  AIS  score  >3. 

*  Platelet  ratio  (high/low)  propensity  score  based  on  a  logistic  model  with  base 
deficit. 

FFP  ratio  (high/low)  propensity  based  on  a  logistic  model  with  heart  rate  and 
cryoprecipitate  units. 


death  from  MOF  is  likely  related  to  the  increased  survival  in 
the  high  FFPiRBC  ratio  groups  because  they  lived  long 
enough  to  develop  MOF,  but  it  may  also  be  related  to  the 
increased  plasma  transfusion.33  Prospective  studies  of  blood 
product  ratios  currently  being  performed  will  be  able  to  more 
accurately  determine  the  relationship  between  increased 
plasma  transfusion  and  effects  on  mortality  and  MOF. 

Initial  studies  of  blood  product  ratios  in  trauma  patients 
used  one  of  the  standard  definitions  of  massive  transfusion, 
10  units  of  RBCs  in  24  hours,  to  identify  patients  who  are  at 
high  risk  of  death  from  hemorrhage.6-8’13  A  recent  review 
that  summarized  blood  product  ratio  studies2  indicated  that 
alternative  blood  product  amounts  (8-10  RBC  units  in  12 
hours)  and  times  from  admission  (3-12  hours)  that  ratios  are 
measured11-27-29  have  also  been  used  in  an  attempt  to  more 
accurately  reflect  the  time  from  admission  that  patients  are 
actively  resuscitated  and  to  decrease  “catch  up  bias”.2  Pa¬ 
tients  who  die  from  hemorrhage  typically  die  within  6 
hours,24  and  mortality  increases  in  trauma  patients  after  5 
units  of  RBCs  have  been  transfused.23  We  analyzed  two 
different  patient  groups  (5  units  of  RBCs  in  6  hours  and  10 
units  of  RBCs  in  24  hours)  that  are  at  high  risk  of  death  to 
determine  whether  the  time  at  which  blood  product  ratios 
were  measured  affected  our  results.  The  two  groups  were 
similar  in  measures  of  severity  of  injury  to  include  admission 
vital  signs,  laboratory  values,  ISS  scores,  and  mortality  rates 
and  were  further  adjusted  for  in  the  propensity  analyses. 
More  importantly,  our  results  were  consistent  between  both 
groups  of  patients.  Future  research  is  needed  to  better  define 
patients  with  massive  bleeding  at  risk  of  death  from  hemor- 


30  Day  Survival  by  Platelet  Ratio  Groups 


30  Day  Survival  by  FFP  Ratio  Groups 


Abbreviations:  Platelets  High,  Platelet:RBC  >  1:2,  Platelets  iow,  Platelet:RBC  <  1:2;  FFP  High,  FFP:RBC  >  1:2,  FFP  |0W,  FFP:RBC  <  1:2;  TBI  +, 
Head  Abbreviated  Injury  Score  >3;  TBI-,  Head  Abbreviated  Injury  Score  <3;  min 

Figure  2.  Kaplan-Meier  curves  for  the  >5  units  RBC  in  6-hour  groups. 
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TABLE  9.  Cause  of  Death  for  TBI+  Patients  Receiving  High  and  Low  Platelet  (PLTrRBC)  Ratios 


>5  Units  RBC/6  h 

>10  Units  RBC/24  h 

N 

High  Low 

P 

N 

High  Low 

P 

Truncal  hemorrhage,  n  (%) 

136 

10(26.3) 

31  (31.6) 

0.54 

113 

12  (27.3) 

29  (42) 

0.11 

Head  injury,  n  (%) 

141 

25  (65.8) 

68  (66) 

0.98 

115 

29  (63) 

39  (56.5) 

0.49 

MOF,  n  (%) 

133 

6(16.7) 

9  (9.3) 

0.23 

111 

8(19) 

6  (8.7) 

0.11 

Other,  n  (%) 

132 

2  (5.6) 

6  (6.3) 

0.88 

110 

3(7.1) 

4  (5.9) 

0.79 

N,  number  of  patients;  TBI+,  head  AIS  score  >3. 

TABLE  10.  Cause  of  Death  for  TBI- 

Patients  Receiving  High  and  Low  Plasma  (FFP:RBC)  Ratios 

>5  Units  RBC/6  h 

>10  Units  RBC/24  h 

N 

High 

Low 

P 

N 

High 

Low 

P 

Truncal  hemorrhage,  n  (%) 

140 

34  (72.3) 

82  (88.2) 

0.02 

128 

34  (70.8) 

71  (88.8) 

0.01 

Head  injury,  n  (%) 

128 

4  (9.5) 

5  (5.8) 

0.44 

118 

3  (6.7) 

5  (6.8) 

0.97 

MOF,  n  (%) 

136 

14  (29.8) 

6  (6.7) 

<0.001 

126 

16(30.8) 

4  (5.4) 

<0.001 

Other,  n  (%) 

127 

6  (14.6) 

9  (10.5) 

0.5 

117 

9  (20.5) 

6  (8.2) 

0.06 

TBI— ,  head  AIS  score  <3. 


30  Day  Survival  by  Platelet  Ratio  Groups  30  Day  Survival  by  FFP  Ratio  Groups 


Abbreviations:  Platelets  High,  Platelet:RBC  >  1:2,  Platelets  iow,  Platelet:RBC  <  1:2;  FFP  High,  FFP:RBC  >  1:2,  FFP  iow,  FFP:RBC  <  1:2;  TBI  +, 
Head  Abbreviated  Injury  Score  >3;  TBI-,  Head  Abbreviated  Injury  Score  <3;  min 


Figure  3.  Kaplan-Meier  curves  for  the  >10  untis  RBC  in  24-hour  groups. 


rhage  rather  than  only  studying  patients  who  received  a 
massive  transfusion.  The  former  approach  will  allow  for 
analyzing  patients  based  upon  physiologic  risk  factors  for 
hemorrhagic  death,  whereas  the  later  is  dependent  upon  the 
practitioners  response  to  bleeding  “ordering  bias”  and  is 
limited  by  the  capabilities  of  each  treating  facility,  which 
both  differ  substantially  from  center  to  center.  This  ordering 
bias  was  well  documented  as  a  wide  variability  of  transfusion 
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ratios  in  a  recent  study  by  Holcomb  et  al.7  that  included  16 
major  US  and  British  trauma  centers  over  a  1-year  period. 

The  limitations  of  this  study  include  all  of  those  inher¬ 
ent  to  retrospective  studies  to  include  selection  bias  and  the 
potential  for  not  adjusting  for  unmeasured  variables.  In  ad¬ 
dition,  we  did  not  adjust  for  center  effect,  which  may  have 
altered  our  results.  The  differences  between  study  groups  to 
include  increased  PLT  ratio  for  the  FFP  ratio  comparisons 
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TABLE  11.  Propensity  Score-Adjusted  Multivariate  Cox  Regression  for  30-d  Mortality  in  Patient  Groups  That  Exclude  Those 
Who  Died  90  and  120  Min  After  Hospital  Admission 

Patient  Group 

High  PLT:RBC  Ratio 

High  FFP:RBC  Ratio 

Hazard  Ratio 
(95%  Confidence  Interval) 

P 

Hazard  Ratio 
(95%  Confidence  Interval) 

P 

>5  units/6  h,  TBI+,  90  min,  (n  =  275) 

0.44  (0.28-0.72) 

<0.001 

1  (0.67-1.5) 

1 

>5  units/6  h,  TBI—,  90  min,  (n  =  517) 

0.73  (0.45-1.20) 

0.22 

0.65  (0.41-1.01) 

0.06 

£10  units/24  h,  TBI+,  90  min,  (n  =  217) 

0.47  (0.27-0.82) 

0.008 

1.18  (0.73-1.90) 

0.5 

£10  units/24  h,  TBI-,  90  min,  (n  =  396) 

0.66  (0.41-1.08) 

0.1 

0.59  (0.38-0.91) 

0.02 

>5  units/6  h,  TBI+,  120  min,  (n  =  270) 

0.46  (0.28-0.74) 

0.001 

1.04  (0.69-1.57) 

0.85 

>5  units/6  h,  TBI—,  120  min,  (n  =  506) 

0.77(0.47-1.27) 

0.31 

0.66  (0.42-1.05) 

0.08 

£10  units/24  h,  TBI+,  120  min,  (n  =  213) 

0.49  (0.28-0.87) 

0.01 

1.26  (0.77-2.05) 

0.36 

>10  units/24  h,  TBI—,  120  min,  (n  =  386) 

0.7  (0.43-1.15) 

0.16 

0.61  (0.39-0.95) 

0.03 

TBI+,  head  AIS  score  >3;  TBI—,  head  abbreviated  injury  score  <3. 

and  increased  FFP  ratio  for  the  PLT  ratio  comparisons  are 
also  a  potential  source  for  confounding.  Even  with  the  use  of 
propensity  score  adjusted  multivariate  regression  analysis, 
and  the  use  of  two  separate  scores  to  adjust  for  the  effect  of 
both  ratios  transfused,  there  may  still  be  residual  confounding 
present.  Despite  these  important  limitations,  we  analyzed  a 
large  sample  of  patients  from  22  trauma  centers  throughout 
the  United  States  and  Great  Britain.  The  patient  groups  were 
similar  in  most  variables  compared,  and  a  sophisticated 
propensity  analysis  was  used  to  adjust  for  the  few  differences 
between  the  groups  compared  and  multivariate  cox  regression 
to  adjust  for  factors  associated  with  mortality.  The  consis¬ 
tency  in  our  results  between  the  two  main  study  cohorts,  and 
for  the  two  alternative  cohorts,  also  supports  the  validity  of 
our  results. 

CONCLUSIONS 

TBI+  patients  transfused  a  high  ratio  of  PLT:RBC  and 
TBI—  patients  transfused  a  high  ratio  of  FFP:RBC  experi¬ 
enced  improved  30-day  survival.  The  differential  effect  of 
increased  platelets  and  plasma  on  TBI+  and  TBI—  patients 
warrants  further  investigation  in  prospective  studies.  In  addi¬ 
tion,  the  standard  definition  of  massive  transfusion  (10  units 
of  RBCs  in  24  hours)  may  not  be  optimal  to  determine 
inclusion  criteria  for  studies  examining  associations  between 
blood  product  transfusion  and  outcomes  for  patients  at  high 
risk  of  death  secondary  to  traumatic  hemorrhage.  The  anal¬ 
ysis  of  patients  transfused  >5  units  of  RBCs  in  6  hours  may 
define  a  population  that  is  of  similar  injury  severity,  risk  of 
death,  and  more  accurately  reflects  the  blood  products  trans¬ 
fused  during  the  active  resuscitation  period. 
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